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IROORZHG E\ D KHDW VKRFN RI  KRXUV 7DEOH  2I
WKH SXSDH LQMHFWHG XQGHU WKHVH FRQGLWLRQV 
H[SUHVVHG VRPH OHYHO RI (*)3 $YHUDJLQJ DFURVV
HOHFWURSRUDWLRQ FRQGLWLRQV URZV ± LQ 7DEOH 
)O\IHFWLQ GLG QRW KDYH D VLJQLILFDQW HIIHFW RQ
LQFUHDVLQJ WKH QXPEHU RI SXSDH H[SUHVVLQJ VRPH
OHYHO RI (*)3 XVLQJ D &KLVTXDUH WHVW FRPSDULQJ
 RXW RI  DQLPDOV WKDW H[SUHVVHG (*)3 ZLWK
)O\IHFWLQ YHUVXV  RXW RI  ZLWKRXW )O\IHFWLQ
7KH HIILFLHQF\ RI JHQH H[SUHVVLRQ ZDV IRXQG WR EH
GHSHQGHQW PRVWO\ RQ WKH SXOVH OHQJWK $ SXOVH
OHQJWK RI  VHFRQG ZDV IRXQG WR UHVXOW LQ
VLJQLILFDQWO\ KLJKHU QXPEHU RI WUDQVIHFWHG
LQGLYLGXDOV UHODWLYH WR SXOVHV RI  VHFRQGV RU 
VHFRQGV UHVSHFWLYHO\ >&KLVTXDUH EHWZHHQ URZV
 V DQG  V S EHWZHHQ URZV
 V DQG  V S 7DEOH @ $FURVV
PRVW H[SHULPHQWV FHOOXODU H[SUHVVLRQ RI EGFP
YDULHG ZLGHO\ IURP D IHZ HSLGHUPDO FHOOV WR RYHU
 FHOOV DOO FHQWHUHG QHDU WKH VLWH RI LQMHFWLRQ
9DULDWLRQ ZLWKLQ DQ\ RI WKH H[SHULPHQWDO
FRQGLWLRQV KRZHYHU ZDV XVXDOO\ PXFK ODUJHU
WKDQ YDULDWLRQ DFURVV FRQGLWLRQV VHH ODVW FROXPQ
RI 7DEOH  DQG WKHUH ZDV QR FOHDU FRUUHODWLRQ
EHWZHHQ SXOVH OHQJWK DQG QXPEHU RI WUDQVIRUPHG
FHOOV ,Q RQH RI WKH VKRUWHU SXOVH OHQJWK
H[SHULPHQWV  PV IRU H[DPSOH WKH ODUJHVW
QXPEHU RI WUDQVIHFWHG FHOOV ZDV REWDLQHG )LJXUH
D 7KLV VXJJHVWV WKDW WKHUH DUH RWKHU \HW
XQLGHQWLILHG DQG SRVVLEO\ VWRFKDVWLF IDFWRUV WKDW
SOD\DUROHLQFHOOWUDQVIRUPDWLRQ
9ROWDJH KRZHYHU DSSHDUV WR EH FULWLFDO LQ
REWDLQLQJ VXFFHVVIXO SODVPLG WUDQVIHFWLRQ ,QLWLDO
WULDOV XVHG D UDQJH RI YROWDJHV IURP  9 WR  9
ZLWK  SXOVHV  ƫV LQ OHQJWK 7KH RQO\ YROWDJH
FRQGLWLRQ WKDW OHG WR VRPH EGFP H[SUHVVLRQ ZDV
 9 :H GHFLGHG WR FRQFHQWUDWH RXU VXEVHTXHQW
WULDOV XVLQJ WKLV DQG KLJKHU  9 YROWDJHV DQG WR
YDU\ SXOVH OHQJWK DQG RWKHU SDUDPHWHUV WR
RSWLPL]H WUDQVIHFWLRQ UDWH ,Q DOO WULDOV XVLQJ DQ
DYHUDJH RI  LQGLYLGXDOV SHU WULDO VRPH
SURSRUWLRQ RI LQGLYLGXDOV VKRZHG H[SUHVVLRQ RI
EGFP DW  9 +RZHYHU ZKHQ YROWDJH ZDV
LQFUHDVHG WR  9 ZH ZHUH QR ORQJHU DEOH WR
REVHUYH EGFP H[SUHVVLQJFHOOV7DEOH
(*)3'SSIXVLRQFRQVWUXFW
$ QHZ SODVPLG FRQVWUXFW pBac [3xP3-EGFP,
hsp70-Dpp-EGFP] % &KHQ HW DO LQ SUHSDUDWLRQ
FRQWDLQLQJ D FDQGLGDWH GHYHORSPHQWDO JHQH IURP
Drosophila Decapentaplegic, IXVHG WR EGFP
7HOHPDQ DQG &RKHQ  ZDV WHVWHG LQ Bicyclus
XVLQJ WKH RSWLPDO HOHFWURSRUDWLRQ FRQGLWLRQV
REVHUYHG LQ SUHYLRXV H[SHULPHQWV  SXOVHV DW 
9  VHFRQG SXOVH OHQJWK DQG  PV LQWHUYDO
EHWZHHQ SXOVHV $SSUR[LPDWHO\  FHOOV
H[SUHVVLQJ EGFP ZHUH REVHUYHG ERWK LQ WKH
SUHVHQFH DQG DEVHQFH RI )O\IHFWLQ FRQILUPLQJ WKDW
WKH QHZ FRQVWUXFW LV SURGXFLQJ D IOXRUHVFHQW
SURWHLQ ,W UHPDLQV WR EH WHVWHG ZKHWKHU WKLV
SURWHLQ LV IXQFWLRQDO :H DUH SODQQLQJ WR SURGXFH
WUDQVJHQLF OLQHV RI EXWWHUIOLHV ZLWK WKLV FRQVWUXFW
WR WHVW Dpp¶V UROH LQ ZLQJ SDWWHUQ IRUPDWLRQ LQ
Bicyclus
6XUYLYDODQGWLVVXHGDPDJH
6SHFLILF HOHFWURSRUDWLRQ FRQGLWLRQV KDYH D
GUDPDWLF HIIHFW RQ VXUYLYDO DQG RQ WKH DSSHDUDQFH
RI WKH DGXOW EXWWHUIO\ 'HVSLWH PLQLPDO FHOO GHDWK
REVHUYHG LPPHGLDWHO\ DIWHU WKH ZLQJV ZHUH
H[WUDFWHG E\ PHDQV RI D OLYHGHDG YLDELOLW\ VWDLQ
EXWWHUIOLHV WKDW VXUYLYHG WKH WUHDWPHQW KDG D ZLGH
UDQJH RI LQMXULHV LQFOXGLQJ HFWRSLF H\HVSRWV KROHV
LQ WKH ZLQJ WKDW PDWFKHG WKH HOHFWURSRUDWLRQ VLWHV
HFWRSLF EODFN RU JROG VFDOHV FHQWHUHG DURXQG WKH
KROHV LQ WKH ZLQJV DQG ZLQJV WKDW GLG QRW H[SDQG
XSRQ HPHUJHQFH RU WKDW ZHUH VWLOO DWWDFKHG WR WKH
SXSDO FDVH 7DEOH  $W  9 DQG XVLQJ  SXOVHV
DQG  PV LQWHUYDO EHWZHHQ SXOVHV WKH VXUYLYDO
UDWH GLG QRW GHSHQG RQ SXOVH OHQJWK 7DEOH 
FRPSDULQJ URZV   DQG  &KLVTXDUH S!
7KLV ZDV DOVR WKH FDVH IRU DQLPDOV LQMHFWHG ZLWK
ZDWHU LQVWHDG RI '1$ URZV    &KLVTXDUH
S! 7KH SUHVHQFH RI '1$ YHUVXV ZDWHU GLG
QRW DOWHU WKH SURSRUWLRQ RI DQLPDOV WKDW VXUYLYHG
WKH   RU  VHFRQG SXOVH WUHDWPHQWV 7KH
FRPELQDWLRQ RI KLJKHU YROWDJHV  9 ZLWK VKRUW
SXOVH OHQJWKV  PV DQG ORZHU YROWDJHV 
9 ZLWK ORQJHU SXOVH OHQJWKV  V KDV VLPLODU
HIIHFWV RQ PRUWDOLW\ 7KH HIIHFW RI )O\IHFWLQ RQ
SXSDO VXUYLYDO ZDV QRW WHVWHG DV LWV HIIHFW RQ
WUDQVIRUPDWLRQ UDWH ZDV FRQVLGHUHG VPDOO WR
MXVWLI\LWVXVHLQIXWXUHH[SHULPHQWV
)URP WKH JURXS RI EXWWHUIOLHV WKDW VXUYLYHG WKH
WUHDWPHQW DSSUR[LPDWHO\ ± KDG ZLQJV WKDW
GLG QRW H[SDQG SURSHUO\ DQG PRVW RI WKH
UHPDLQLQJ DQLPDOV KDG HLWKHU VPDOO KROHV RU
HFWRSLF EODFN DQG JROG VFDOHV DURXQG WKH DUHDV
ZKHUH WKH HOHFWURGHV ZHUH LQVHUWHG 7DEOH 
7KHVH HIIHFWV ZHUH YLVLEOH DOVR IRU FRQWURO DQLPDOV
LQMHFWHG ZLWK ZDWHU )LJXUH  6OLJKW YDULDWLRQV LQ
WKH H[DFW ORFDWLRQ ZKHUH WKH HOHFWURSRUDWLRQ
QHHGOHV ZHUH LQVHUWHG PD\ H[SODLQ VRPH RI WKH
RXWFRPHV RI WKHVH H[SHULPHQWV :LQJV SLHUFHG E\
DQ HOHFWURGH SODFHG FORVH WR WKH ZLQJ KLQJH DV
LOOXVWUDWHG LQ )LJXUH E PD\ KDYH KDG OHVV FKDQFH
RI SURSHUO\ H[SDQGLQJ UHODWLYH WR ZLQJV WKDW ZHUH
SLHUFHG FORVHU WR WKH ZLQJ PDUJLQ DV LOOXVWUDWHG LQ
)LJXUH  7KH DSSHDUDQFH RI HFWRSLF VFDOHV ZDV
H[SHFWHG EHFDXVH SUHYLRXV UHVHDUFK KDV VKRZQ
WKDW LQGXFLQJ LQMXU\ WR SXSDO ZLQJV LQ WKH ILUVW 
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH KRXUV RI SXSDO GHYHORSPHQW FDQ GLIIHUHQWLDWH
ULQJV RI EODFN DQG JROG FRORUV RQ WKH DGXOW ZLQJ
0RQWHLURHWDO 0RQWHLURHWDO
7KH VHW RI FRQGLWLRQV WHVWHG WKDW RSWLPL]H
WUDQVIHFWLRQ UDWH DUH QRW WKH VDPH DV WKRVH WKDW
PLQLPL]H ZLQJ GDPDJH WR WKH DGXOW 7KH RSWLPDO
FRQGLWLRQV REVHUYHG IRU WUDQVIHFWLRQ ZHUH  SXOVHV
RI  9  VHFRQG SXOVH OHQJWK DQG D  PV
LQWHUYDO EHWZHHQ SXOVHV XVLQJ )O\IHFWLQ ZKHUHDV
WKH RSWLPDO FRQGLWLRQV IRU PLQLPL]LQJ GDPDJH RQ
HPHUJHG EXWWHUIOLHV ZHUH  SXOVHV RI  9  PV
SXOVH OHQJWK DQG D  PV LQWHUYDO EHWZHHQ
SXOVHV 7KH RSWLPDO VHW RI FRQGLWLRQV WKDW OHG WR
PD[LPDO WUDQVIHFWLRQ HIILFLHQF\ ZLWK PLQLPDO
HIIHFW RQ WKH ZLQJ DQG WKH ZLQJ SDWWHUQ ZDV 
SXOVHV DW  9  PV SXOVH OHQJWK DQG  PV
LQWHUYDO EHWZHHQ SXOVHV ZLWK D '1$ FRQFHQWUDWLRQ
FORVH WR PJƫO QR )O\IHFWLQ ZDV XVHG LQ WKHVH
H[SHULPHQWV 2SWLPDO FRQGLWLRQV ZHUH HVWLPDWHG
E\ PXOWLSO\LQJ WKH ³ :LQJ *)3 ´ FROXPQ
YDOXHV LQ 7DEOH  E\ WKH FRUUHVSRQGLQJ ³ QR
HIIHFW´ YDOXHV LQ 7DEOH  LQ URZV ZLWK FRPSDUDEOH
VHWV RI FRQGLWLRQV DQG GHWHUPLQLQJ WKH URZV ZLWK
KLJKHVW SURGXFW YDOXH ,Q DOO WKHUH ZDV D 
SUREDELOLW\ RI REVHUYLQJ VRPH HIIHFW RI D WHVW
FDQGLGDWH GHYHORSPHQWDO JHQH WKDW LV QRW
FRQIRXQGHGZLWKWKHHIIHFWRIWKHRSHUDWLRQ
)URP WKHVH DQDO\VLV ZH FRQFOXGH WKDW SODVPLG
LQMHFWLRQV IROORZHG E\ HOHFWURSRUDWLRQ PD\ VWLOO
QHHG IXUWKHU LPSURYHPHQW ZKHQ EHLQJ XVHG WR
YLVXDOL]H WKH HIIHFW RI WUDQVJHQHV RQ WKH DGXOW ZLQJ
ZLWK PLQLPDO FRQIRXQGLQJ HIIHFWV IURP WKH
RSHUDWLRQ HOHFWURSRUDWLRQ RI SODVPLG '1$ 7KLV
WHFKQLTXH KRZHYHU PD\ EH XVHG HIIHFWLYHO\ WR
WHVW WKH IXQFWLRQDOLW\ RI QHZ SODVPLG FRQVWUXFWV
HVSHFLDOO\ LI WKHVH FRQVWUXFWV FRQWDLQ D IOXRUHVFHQW
PDUNHU SURWHLQ DW OHDVW  LQ  LQGLYLGXDOV ZLOO
VKRZ VRPH OHYHO RI EFGP H[SUHVVLRQ
([SHULPHQWV DLPLQJ WR RSWLPL]H RWKHU SDUDPHWHUV
WKDW ZHUH NHSW FRQVWDQW RU YDULHG ZLWKLQ D QDUURZ
UDQJH RI YDOXHV '1$ FRQFHQWUDWLRQ YROWDJH
SXOVH QXPEHU DQG LQWHUYDO EHWZHHQ SXOVHV FDQ
DOVR EH WHVWHG LQ IXWXUH WR REWDLQ D VHW RI
HOHFWURSRUDWLRQ FRQGLWLRQV WKDW PD[LPL]H
WUDQVIHFWLRQ UDWH DQG PLQLPL]H ZLQJ GDPDJH LQ
WKH DGXOW ,Q SDUWLFXODU D KLJKHU QXPEHU RI
SXOVHV ZKLFK GR QRW VHHP WR LQFUHDVH ZLQJ
GDPDJH FRPSDUH URZV  DQG  LQ 7DEOH  FRXOG
EH WHVWHG WR WU\ REWDLQ D KLJKHU WUDQVIHFWLRQ
HIILFLHQF\ $OVR SXSDO DJH ZKLFK ZDV YDULDEOH DW
WKH WLPH RI LQMHFWLRQ FRXOG EH DQ DGGLWLRQDO IDFWRU
WKDW LQIOXHQFHV WUDQVIRUPDWLRQ HIILFLHQF\
PRUWDOLW\ DQGRU SUREDELOLW\ RI ZLQJ GDPDJH
3HUKDSV WKH PRVW LPSRUWDQW PRGLILFDWLRQ VKRXOG
EH WR WU\ DQG LQVHUW WKH HOHFWURGHV LQ DUHDV RI WKH
SXSDH WKDW DUH DGMDFHQW EXW QRW RQ WRS RI WKH
SXSDOZLQJWLVVXH
&RPSDULVRQ ZLWK SUHYLRXV VWXGLHV RQ
HOHFWURSRUDWLRQRILQVHFWWLVVXHV
2XU VWXG\ LV QRW WKH ILUVW WKDW DWWHPSWV WR
HOHFWURSRUDWH SODVPLGV LQWR WKH LQVHFW ZLQJ
HSLGHUPLV 7KRPDV  DOVR DWWHPSWHG VLPLODU
H[SHULPHQWV XVLQJ Bombyx mori HPEU\RV DQG
GLVVHFWHG ODUYDO ZLQJV DQG RYDULHV +H IRXQG WKDW
 RXW RI  ZLQJV H[SUHVVHG VRPH QXPEHU RI FHOOV
H[SUHVVLQJ /DF = XVLQJ  SXOVHV RI  9  PV
SXOVH GXUDWLRQ DQG  V EHWZHHQ SXOVHV 7KHVH WZR
ZLQJV KDG DQ DYHUDJH RI  ³VSRWV´ RI SRVLWLYH
FHOOV 1R GHWHUPLQDWLRQ RI VXUYLYRUVKLS RU WLVVXH
GDPDJH ZDV GHWHUPLQHG IRU WKHVH H[SHULPHQWV DV
WKH WLVVXHV WHVWHG ZHUH ILUVW UHPRYHG IURP WKH
DQLPDO
(OHFWURSRUDWLRQ FRQGLWLRQV XVHG IRU JHQH WUDQVIHU
LQWR RWKHU LQVHFW WLVVXHV LQ SDUWLFXODU EUDLQV RI
DGXOW KRQH\EHHV DQG RI Bombyx mori .XQLHGD
DQG .XER  0RWR HW DO  ZHUH DOVR
GLIIHUHQW IURP WKH RSWLPDO FRQGLWLRQV GHWHUPLQHG
LQ RXU H[SHULPHQW )LYH SXOVHV RI D VKRUWHU SXOVH
OHQJWK RI  PV FRPELQHG ZLWK ORZHU YROWDJHV
 9 ZHUH XVHG LQ ERWK WKHVH H[SHULPHQWV
,Q WKH KRQH\EHH H[SHULPHQW WUDQVIRUPDWLRQ
HIILFLHQF\ LQFUHDVHG JUDGXDOO\ ZLWK YROWDJH EXW VR
GLG PRUWDOLW\ $W  9 WKHUH ZDV
DSSUR[LPDWHO\  PRUWDOLW\ RI WKH DGXOW EHHV
Bombyx EUDLQV ZHUH HOHFWURSRUDWHG in vitro DQG
QR PRUWDOLW\ UDWHV ZHUH DVVHVVHG 7KH SXOVH OHQJWK
DQG QXPEHU RI SXOVHV ZHUH NHSW FRQVWDQW LQ ERWK
WKHVHH[SHULPHQWV
,Q EXWWHUIO\ ZLQJV QHLWKHU  9 QRU  9 OHG WR
KLJK PRUWDOLW\ 7DEOH  EXW  9 UHVXOWHG LQ QR
YLVLEOH WUDQVIRUPDWLRQ DQG ERWK RI WKHVH YROWDJHV
LQ FRPELQDWLRQ ZLWK ORQJHU SXOVHV FDXVHG VOLJKWO\
KLJKHU RFFXUUHQFH RI ZLQJ GDPDJH 7KHVH UHVXOWV
VXJJHVW WKDW GHSHQGLQJ RQ WKH W\SH RI WLVVXH RU
RUJDQLVP EHLQJ HOHFWURSRUDWHG VSHFLILF RSWLPDO
HOHFWURSRUDWLRQFRQGLWLRQVQHHGWREHGHYHORSHG
(OHFWURSRUDWLRQ RI SODVPLGV XVLQJ VRPH RI WKH
FRQGLWLRQV WHVWHG KHUH ZLOO EH VXIILFLHQW WR
WUDQVIHFW IDLUO\ ODUJH SRSXODWLRQV RI HSLGHUPDO
FHOOV LQ GHYHORSLQJ SXSDO ZLQJV 7KLV WHFKQLTXH
KRZHYHU OHDGV WR D ODUJH SURSRUWLRQ RI DGXOWV
FDUU\LQJ GLVWRUWLRQV WR WKH ZLQJV DQG WKH ZLQJ
SDWWHUQV )XWXUH GHYHORSPHQWV RI WKLV WHFKQLTXH
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